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SINGLE CHIP SUCCESSIVE APPROXIMATION
ANALOG-TO-DIGITAL CONVERTER WITH
TRIMMABLE AND CONTROLLABLE
DIGITAL-TO-ANALOG CONVERTER

BACKGROUND OF THE INVENTION

1. Field of the Invention.

The present invention relates generally to successive
approximation analog-to-digital converters. In particu-
lar, the present invention is a single chip successive
approximation analog-to-digital converter with a
trimmable and controllable digital-to-analog converter.

2. Description of the Prior Art.

Successive approximation analog-to-digital convert-
ers (ADCs) are in widespread use and are disclosed, for
example, in the following United States patents:

Inventor U.S. Pat. No.
Brokaw et al. 4,400,689
Brokaw et al. 4427973
Shibata et al. 4,441,198
Brokaw et al. 4,547,766
Brokaw et al. 4,556,870
Collings 4,571,507

Analog-to-digital converters of this type include a
digital-to-analog converter (DAC) with its inputs fed
from a successive approximation register (SAR). To
begin a conversion, the DAC inputs are first set to an
initial value (usually half-scale), and a comparator de-
termines whether the input signal voltage is greater
than or less than the DAC output voltage. This partial
result and those subsequently determined partial results
are held by the SAR. The SAR also sets up the DAC

input values for succeeding comparisons as a function of

previous comparisons in accordance with a successive
approximation algorithm. This process is repeated until
all bit values are determined.

Successive approximation analog-to-digital convert-

ers having twelve or more bits usually require some

type of post-fabrication trimming (e.g., laser trimming)
to achieve necessary accuracy. This is due to the fact
that the “natural” matching of the integrated compo-
nents 1s insufficient. It is the digital-to-analog converter
which must be trimmed, since overall accuracy (linear-
ity) of the conversion is set by its accuracy.

Most currently available twelve-bit ADCs of the
successive approximation type have been made with
hybrid techniques, and use laser trimming. In this ap-
proach, the DAC is fabricated on a separate chip from
other components, thereby permitting separate trim-
ming to required accuracy with full access to the DAC
inputs. For a one-chip monolithic successive approxi-
mation ADC, however, this is not possible. The DAC
inputs are “buried” on the chip and are not externally
controllable. |

It 1s evident that there is a continuing need for im-
proved analog-to-digital converters of the successive
approximation type. The ADC must be fabricated as a
monolithic one-chip device in order to be produced at
commercially viable prices. External control of the
DAC 1nputs is required to permit trimming to required
specifications. Power consumption and the number of
transistors required for implementation must, of course,
be kept t0 a minimum.
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SUMMARY OF THE INVENTION

The present invention is a single chip integrated suc-
cessive approximation analog-to-digital converter. Test
mode control signals and successive approximation
mode control signals are applied to test mode terminal
means. Digital test data signals are applied to test data
termmal means. A trimmable digital-to-analog con-
verter (DAC) has input terminals for receiving digital
signals, and converts the digital signals to analog signals
of corresponding values. Successive approximation
register means are coupled to the test mode terminal
means and the test data terminal means. The successive
approximation register means operates in a test mode
and applies the test data signals to the input terminals of
the DAC in response to the test mode control signals.
Post-fabrication trimming of the DAC can then be per-
formed to bring operating characteristics within re-
quired specifications. After the DAC has been trimmed,
successive approximation mode control signals cause
the successive approximation register means to operate
In a successive approximation register mode.

In preferred embodiments, the test data terminal
means serially receives the digital test data signals. Suc-
cessive approximation register means comprises succes-
sive approximation and shift register means for serially
recelving the test data signals and for providing the test
data signals to the DAC in parallel. In still other em-
bodiments, the successive approximation and shift regis-
ter 1s implemented using bipolar transistors in a current
mode logic arrangement. In this embodiment, only
eight additional transistors per bit in the successive
approximation and shift register are required. No addi-
tional power is consumed with this arrangement either.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic representation of a successive
approximation analog-to digital converter in accor-
dance with the present invention.

FI1GS. 2A-2D schematically illustrate a preferred
implementation of bits B10, B11, B0, and BS, respec-
tively, of the successive approximation and shift register
as shown in FIG. 1.

FI1@G. 3 1s a schematic representation of the analog-to-
digital converter shown in FIGS. 1 and 2 when the
successive approximation and shift register is operating

In its successive approximation register mode.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A successive approximation-type analog-to-digital
converter 10 1n accordance with the present invention is
illustrated generally in FIG. 1. Analog-to-digital con-
verter (ADC) 10 is a one-chip monolithic device which
includes a system clock 12, clock select and control
circuit 14, trimmable digital-to-analog converter
(DAC) 16, comparator 18, D-type latch 20, successive
approximation and shift register 22 and output driver
circuitry 26, all of which are fabricated on a common
substrate 28. External supply potentials VCC and VEE
are applied to ADC 10 through terminal pins 32 and 34,
respectively, and distributed in a known manner (not
shown in FIG. 1). Test clock signals TC and TC are

~applied to clock select and control circuit 14 through

terminal pins 36 and 38, respectively. Test mode control
signals T and T are applied to clock select and control
circuit 14 through terminal pins 39 and 41, respectively.
A TEST DATA signal is received at terminal pin 42
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and 1s coupled to successive approximation and shift
register 22. Input signals Vv in the form of analog
voltages are applied to ADC 10 through terminal pin
44. Digital output signals representative of the magni-
tude of input signals V yare provided by ADC 10 at its
output terminal 46. In the illustrated embodiment, ADC
10 1s a twelve bit device which provides a twelve bit
output signal having bits Dg-D11.

DAC 16 is a trimmable digital-to-analog converter,
and can be fabricated in accordance with any known
technique which permits post-fabrication trimming or
alteration of its elements to bring its electrical operating
characteristics within required specifications. Laser
trimming, zener-zapping, and link cutting, for example,
are well known and commonly used techniques for this
purpose.

Successive approximation and shift register 22 is con-
figured to operate in both a successive approximation
register mode, and in a shift register test mode. During
post-fabrication testing and processing of ADC 10, a
logic HIGH test mode signal T and a logic LOW test
mode signal T are applied to terminal pins 39 and 41,
respectively. Test mode signals of these logic states
cause successive approximation and shift register 22 to
operate In its shift register test mode, and to function as
a shift register. A twelve bit digital TEST DATA signal
having a known value 1s applied to terminal pin 42 and
serlally clocked into successive approximation and shift
register 22. The twelve data bits of the TEST DATA
signal are then presented at terminals QMp-QM1; and
coupled to corresponding input terminals of trimmable
DAC 16. Although successive approximation and shift
register 22 is shown in FIG. 1 as having two sets of
terminals QMo-QM7;, this is done only for purposes of
illustration, and corresponding terminals of the two sets
can be common with one another. DAC 16 converts the
digital signals received at its terminals Ag-Aii; to an
analog signal of corresponding value which is coupled
from output terminal 50 to comparator 18.

A test probe of a commercially available or otherwise
known automatic circuit test and trimming system (not
shown) can be applied to terminal 50 to monitor the
analog voltage. Since the TEST DATA signal is of a
known value, the automatic circuit test and trimming
system can be used to perform post-fabrication trim-
ming of DAC 16 in such a manner that a corresponding
output voltage of desired specifications is provided at
output terminal 50. After DAC 16 has been trimmed to
desired specifications, further post-fabrication process-
ing of clock select and control ¢ircuit 14 causes termi-
nals 36, 38, 39 and 41 to be functionally disabled, and
causes successive approximation and shift register 22 to
function thereafter in its successive approximation and
shift register mode.

In 1ts successive approximation and shift register
mode, successtve approximation and shift register 22
functions as a successive approximation register, and
cooperates with other circuit elements of ADC 10 in a
known manner to convert analog input signals VIN to
corresponding digital values. The digital values are
provided at output terminals QMg~QM; of successive
approximation and shift register 22, and coupled as
corresponding bits Dg-D1; to output terminals 46
through output driver circuitry 26. As is evident from
the above description, successive approximation and
shift register 22 permits external control of the Ag~Ai1,
input terminals of DAC 16 which are otherwise “bur-
1ed” on the chip, to facilitate post-fabrication trimming.
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Furthermore, in the embodiment described below, this
mode of operation can be achieved without any addi-
tional power dissipation, and through the addition of
only a few extra transistors.

For use in conjunction with a preferred embodiment
of successive approximation and shift register 22 de-
scribed below, system clock 12 generates two-phase
non-overlapping complementary system clock signals
C1 and C2, and their complements C1 and C2. These
clock signals are applled to clock select and control
circuitry 14 as shown in FIG. 1. System clock signals
C1 and C1, together denoted as signals SC1 in FIG. 1,
and test clock signals TC and TC, together denoted as
signals TCS, are coupled to successive approximation
and shift register 22 as shown. Clock signals C2 and C2,
together denoted as signals SC2 in FIG. 1, are coupled
to latch 20 and to successive approximation and shift
register 22.

An implementation of successive approximation and
shift register 22 which uses NPN bipolar transistors
interconnected in a three-level current mode logic
(CML) arrangement is schematically illustrated in
FIGS. 2A-2D. Successive approximation and shift reg-
ister 22 is a twelve-bit device in this embodiment and
includes bits B0-B11 and stop bit BS. Although cir-
cuitry for bits B1-B9 is not shown in FIGS. 2A-2D,
these bits have a circuit layout identical to that of bits
B0 and B10, and are interconnected in a similar manner
which is evident from the drawing figures and follow-
ing description. VCC and VEE supply potentials re-
cetved at terminal pins 32 and 34, respectively, are dis-
tributed throughout bits B0-B11 and BS, and connected
to their various transistors in the manner shown. A
voltage source 24 which i1s connected to receive supply
potentials VCC and VEE 1is configured to provide
other required potentials including a current source
voltage VCS which is applied to the base of transistors
used as current sources, and a first level DC reference
voltage VR which i1s coupled to the base of various
transistors as shown.

Bit B11, the most significant bit of successive approxi-
mation and shift register 22, includes transistors which
form a three input NOR gate 52, master RS flip-flop 54,
and slave RS flip-flop 56. Least significant bit B0 in-
cludes transistors which form a two input NOR gate 58,
a three input NOR gate 60, master RS flip-flop 62, and
slave RS flip-flop 64. As described above, bits B1-B10
can be identical to bit BO. Elements of bit B10 which
correspond to similar elements to bit B0 are identified
by identical reference numerals which are primed. Stop
bit BS includes transistors which form master RS flip-
flop 66, and slave RS flip-flop 68.

Referring specifically to the schematic diagram of bit
B11 shown in FIG. 2A, NOR gate 52 is shown formed
by transistors Q1-Q5 and resistors R1-R2. Master RS
flip-flop 54 is formed by transistors Q6-Q19 and resis-
tors R3-RS. Transistors Q12-Q14 of flip-flop 54 func-
tion together as a master latch. Slave flip-flop 56 is
formed by transistors Q20-Q32 and resistors R6-RS.
Transistors Q25-Q27 of tlip-flop 56 function as a slave
latch. Transistors Q10-Q11 and Q23-Q24 cooperate
with the master and slave latches, respectively, when
register 22 1s operated in its shift register test mode.

Master flip-flop 54 1s clocked by test clock signals TC
and TC which are applied as second level signals to the
bases of transistors Q16 and Q15, respectively, and by
clock signals C1 and C1 which are applied as third level
signals to the bases of transistors Q17 and Q19, respec-
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tively. Slave flip-flop 56 is clocked by second level test
clock signals TC and TC, and by third level clock sig-
nals C2 and C2. Test clock signal TC is applied to the
base of transistor Q28, while test clock signal TC 1s
applied to the base of transistor Q29. Clock signal C2 1s
applied to the base of transistor Q30, while clock signal
C2 is applied to the base of transistor Q31.

The emitters of transistors Q6-Q9 are coupled to the
collector of transistor Q135, while emitters of transistors
Q10 and Q11 are coupled to the collector of transistor
Q16. The emitters of transistors Q12-Q14 are coupled
to the collector of transistor Q19. The emitters of tran-
sistors Q15 and Q16 are connected to the collector of
transistor Q17. The emitters of transistors Q17 and Q19
are connected to the collector of transistor Q18 which
functions a current source.

The emitters of transistors Q20—Q22 are coupled to
the collector of transistor Q28. The emitters of transis-
tors Q23-Q24 are coupled to the collector of tran31stor
Q29. The emitters of transistors Q28 and Q29 are tied
together to the collector of transistor Q30. Emitters of
transistors Q25-Q27 are tied to the collector of transis-
tor Q31. Emitters of transistors Q30-Q31 are tied to the
collector of transistor Q32 which functions as a current
source.

The collector of transistor Q7 functions as the QM1
output terminal of master flip-flop 54, and is coupled to
the base of transistor Q20 which functions as an R input
terminal of slave flip-flop 56, to the collectors of transis-
tor Q10 and Q12, and to the base of transistor Q13. The
collector of transistor Q13 functions as the QM1 output
terminal of master flip-flop 54, and is connected to the
A1 mput terminal of DAC 16 as shown in FIG. 1. The
collector of transistor Q27 functions as the QS output
terminal of slave flip-flop 56 and is coupled to the base
of transistor Q3 which functions as a first input terminal
of NOR gate 52, to the base of transistor Q9 which
functions as an R input terminal of master flip-flop 54,
and also to the collectors of transistors Q24, Q22, and
Q20.

The base of transistor Q1, which functions as a sec-
ond input terminal of NOR gate 52, is connected to
receive signals from the Q output terminal of latch 20.
The base of transistor Q2 functions as a third input
terminal of NOR gate 52, and 1s connected to the collec-
tor of transistor Q59’ (FIG. 2B) which functions as the
QS1p output terminal of slave flip-flop 64’ of bit B10 (the
- next least significant bit). The collectors of transistors
Q1-Q3 function as an output terminal of NOR gate 52
and are coupled to the base of transistor Q6 which
functions as an S input terminal of master flip-flop 54.

Common set signals COM SET from clock select and
control circuit 14 are coupled to the base of transistor
Q14, and to the base of transistor Q25 which functions
as an S mput terminal of slave flip-flop 56. TEST
DATA signals applied to terminal pin 42 are coupled to
the base of transistor Q10.

Referring now to the schematic diagram of bit B0
shown in FIG. 2C, NOR gate 60 is formed by transis-
tors Q33-Q37 and resistors R9-R10. Slave flip-flop 62 is
formed by transistors Q38-Q351 and resistors R11-R13.
Transistors Q44-Q46 function as a master. latch. NOR
gate 58 1s formed by transistors Q53-0Q56 and resistors
R15-R16. Slave flip-flop 64 1s formed by transistors
Q58-Q70 and by resistors R17-R19. Transistors
Q63-Q65 function as a slave latch. Transistors Q42-Q43
and Q61-Q62 cooperate with the master and slave
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6

latches, respectively, when register 22 is operated 1n its
shift register test mode.

Master flip-flop 62 1s clocked by test clock signals TC
and TC which are applied as second level signals to the
bases of transistors Q48 and Q47, and by clock signals
C1 and C1 which are applied as third level signals to the
bases of transistors Q49 and QS350, respectively. Slave
flip-tflop 64 1s clocked by second level test clock signals
TC and TC, and by third level clock signals C2 and C2.
Test clock signal TC is applied to the base of transistor
Q66, while test clock signal TC 1s applied to the base of
transistor Q67. Clock signal C2 1s applied to the base of
transistor Q68, while clock signal C2 is applied to the
base of transistor Q69.

The emitters of transistors Q38-Q41 are coupled to
the collector of transistor Q47. The emitters of transis-
tors Q42-Q43 are coupled to the collector of transistor
Q48. The emitters of transistors Q47 and Q48 are tied
together and to the collector of transistor Q49. The
0 collectors of transistors Q44-Q46 are tied together to
the collector of transistor Q50. The emitters of transis-
tors Q49 and QS50 are connected to the collector of
transistor Q31 which functions as a current source.

The emitters of transistors Q58-Q60 are tied together
to the collector of transistor Q66. The emitters of tran-
sistors Q61-Q62 are tied together to the collector of
transistor Q67. The emitters of transistors Q66 and Q67
are connected to the collector of transistor Q68. The
emitters of transistors Q63-Q65 are tied together to the
collector of transistor Q69. The emitters of transistors
Q68 and Q69 are tied together to the collector of tran-
sistor Q70 which functions as a current source.

The collector of transistor Q39 functions as a QM
output terminal of master flip-flop 62, and is coupled to
the base of transistor Q58 which functions as an R input
terminal of slave flip-flop 64, as well as to the collectors
of transistors Q42, Q44 and (045. The collector of tran-
sistor Q46 functions as a QMg output terminal of master
flip-flop 62, and is connected to the Agterminal of DAC
16 as shown in FIG. 1, as well as to the collectors of
transistors Q40, Q41, and Q43, and the base of transistor
Q61. The base of transistor Q38 functions as an S input
terminal of flip-flop 62, and is coupled to the collectors
of transistors Q33-Q35 which function as an output
terminal of NOR gate 60. The base of transistor Q41
functions as an R input terminal of flip-flop 62 and 1s
coupled to the collectors of transistors Q54 and QSS
which function as an output terminal of NOR gate 358.

The collector of transistor Q39 functions as a QS,
output terminal of slave flip-flop 64, and is coupied to
the base of transistor Q54 which functions as a first
input terminal of NOR gate 58. The collector of transis-
tor Q65 functions as a QS, output terminal of slave
flip-flop 64 and is coupled to a base of transistor Q35
which functions as a first input terminal of NOR gate
60, as well as to the collectors of transistors Q358, Q60
and Q62. The base of transistor Q33 functions as a sec-
ond input terminal of NOR gate 60 and is connected to
the Q output terminal of latch 20. The base of transistor
Q34 functions as a third mput terminal of NOR gate 60
and 1s coupled to the collector of transistor Q84 which
functions as the QS output terminal of slave flip-flop 68
of stop bit BS. The base of transistor Q35, which func-
tions as a second input terminal of NOR gate 58, and the
base of transistor Q42, are connected to receive signals
from the QS output terminal of the slave flip-flop of the
next most significant bit (i.e. bit B1, which is not shown
in FIG. 2). The base of transistor Q63 which functions
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as an S input terminal of slave flip-flop 64, and the base
of transistor Q44, are connected to receive the COM
SET signal.

Bit B10 of successive approximation and shift register
22, which is schematically illustrated in FIG. 2B, is 5
implemented in a manner identical to that of bit BO
described above. Elements of bit B10 similar to those of
bit BO are indicated in FIG. 2B with identical reference
numerals which are primed.

The collector of transistor Q46’ functions as the
QM10 output terminal of master flip-flop 62’ and 1s
coupled to the A10 input terminal of DAC 16 as shown
in FIG. 1, as well as to the collectors of transistors Q43’,
Q40’, and Q41’, and the base of transistor Q62’. The base
of transistor Q35', which functions as a second input 15
terminal of NOR gate 58' and the base of transistor
Q42', are coupled to the collector of transistor Q27
which functions as the QS;1 output terminal of flip-flop
56 of bit B11 (the next most significant bit). The base of
transistor Q34' functions as a third lnput terminal of *
NOR gate 60, and is connected to receive the QS signal
from the slave flip-flop of the next least significant bit
(1.e. bit B9, which is not shown in FIG. 2). Other inter-
connections of the transistors of bit B10 are similar to
those of corresponding transistors of bit B0 and de-
scribed above.

Stop bit BS 1s illustrated schematically in FIG. 2D.
Master flip-flop 66 of bit BS is formed by transistors
Q72-Q81 and resistors R20-R22. Transistors Q76-Q78
function as a master latch. Slave flip-flop 68 is formed
by transistors Q83-0Q91 and resistors R23-R25. Transis-
tors Q86-Q88 function as a slave latch. The base of
transistor Q79 is connected to receive clock signal C1,
while the base of transistor Q80 is connected to receive ;s
clock signal C1. Clock signal C2 is apphed to the base of
transistor Q89, while clock signal C is applied to the
base of transistor Q90.

The emitters of transistors Q72-Q75 are tied together
to the collector of transistor Q79. The emitters of tran- 4,
sistors Q76-Q78 are tied together to the collector of
transistor Q80. The emitters of transistors Q79-Q80 are
connected together to the collector of transistor Q81,
which function as a current source. The emitter of tran-
sistors Q83-Q8S are coupled to the collector of transis-
tor Q89. The emitters of transistors Q86-Q88 are cou-
pled to the collector of transistor Q90. The emitters of
transistors Q89 and Q90 are tied together to the collec-
tor of transistor Q91, which functions as a current
source.

The base of transistor Q72 functions as an S input
terminal of master flip-flop 86 and is coupled to the
collector of transistor Q65 which functions as the QSg
output terminal of slave flip-flop 64 of bit B0 (FI1G. 2C).
The base of transistor Q75 functions as an R input termi-
nal of master flip-flop 66 and is connected to the collec-
tor of transistor Q39 which functions as the QSp output
terminal of slave flip-flop 64 of bit B0. The base of
transistor Q83 functions as an R input terminal of slave
flip-flop 86 and is coupled to the collector of transistor
Q73 which functions as a QM output terminal of master
flip-flop 66. The collector of transistor Q84 functions as
the QS output terminal of slave flip-flop 68 and is con-
nected to the base of transistor Q34 which functions as
a third output terminal of NOR gate 60 of bit B0. The
base of transistor Q86 which functions as an S input
terminal of slave flip-flop 86, and the base of transistor
Q78, are connected to receive the COM SET signals.
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When 1t 1s desired to operate ADC 10 with successive
approximation and shift register 22 1n its successive
approximation register mode during post-fabrication
processing, test mode signals T and T having HIGH and
L.OW logic states are applied to terminal pins 39 and 41,
respectively. Test clock signals TC and TC having
HIGH and LOW logic states are simultaneously applied
to terminal pins 36 and 38, respectively. Clock select
and control circuitry 14 function as a multiplexor, and
will thereby distribute test clock signals TC and TC
having these logic states throughout successive approxi-
mation and shift register 22 as described above. Transis-
tors Q16 and Q29 of bit B11, and transistors Q67-Q67’
and Q48-Q4S’ of bits B0-B10, respectively, will be
clocked (switched) to their ON state. Concurrently,
transistors Q15 and Q28 of bit B11, transistors Q47-Q47’
and Q66-Q66" of bits B0-B10, respectively, will be
switched OFF. A predetermined twelve data bit TEST
DATA signal i1s then applied to terminal pin 42 in syn-
0 chronization with twelve cycles of system clock signals
C1, C1, C2 and C2. This clocking will cause the TEST
DATA signal to be successively clocked into and
latched by the master and slave latches of bits B11-B0.

Digital signals applied to terminals Ag-A 1 of trimm-
able DAC 16 from corresponding bits B0-B11 of suc-
cessive approximation and shift register 22 will thereby
correspond to the logic states of the corresponding bits
of the TEST DATA signal. Since the TEST DATA
signal is of a known value, the value of the digital signal
applied to terminals A0-A1l of DAC 16 is also known.
The analog output signal provided at output terminal 50
of DAC 16 can be monitored through use of a test

probe. Any trimming technique for which DAC 16 was

designed can then be implemented to trim the DAC so
as to provide an analog output signal corresponding
within required specifications to the known digital input
signal. Trimming procedures and techniques of this
type are well known.

Following post-fabrication trimming of DAC 16 in
the above described manner, other post-fabrication
processing steps can be implemented on clock select
and control circuit 14 to permanently tie test clock
signal TC to its logic LOW state, and test clock signal
TC to 1ts logic HIGH state. Connections between termi-
nals 39 and 41 are also permanently disabled. Acciden-
tal operation of ADC in its shift register test mode
which might otherwise be caused through the applica-
tion of signals to terminal pins 36, 38, 39 and 41 is
thereby prevented.

With test clock signal TC forced to a logic LOW
state, and its complement TC forced to a logic HIGH
state, successive approximation and shift register 22
functions in a well-known manner as a successive ap-
proximation register. FIG. 3 schematically illustrates
ADC 10 with successive approximation and shift regis-
ter 22 functioning in 1ts successive approximation regis-
ter mode. The operation of a successive approximation
register such as 22 (in its successive approximation
mode) in conjunction with ADC 10 is known, and dis-
closed, for example in Chapter 15 of Grebene, Bipolar
and MOS Analog Integrated Circuit Design.

Inputs Ag-A11 of DAC 16 are first set to an initial
value (usually half-scale) through the application of a
COM SET signal to begin a new analog-to-digital con-
version. Comparator 18 determines whether input volt-
age VN 18 greater than or less than the voltage output
terminal 50 of DAC 16. The low-true output signal of
the comparator is latched by latch 20 with the output of
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the latch then applied to bits B0-B11 of register 22.
Inputs from adjacent bits use the next-bit slave latch
signals from adjacent bits in a conventional manner to
control behavior of the master latches. Register 22
thereby holds partial results, and sets up the Ag-Aqi
inputs to DAC 16 for succeeding comparisons. This
procedure is repeated until all output bits QM0-QM11
are set, completing the analog-to-digital conversion.

The use of successive approximation and shift register
22 facilitates the testing and post-fabrication trimming
of ADC 10, and thereby makes the product more reli-
able. The only penalty incurred in the design illustrated
in FIGS. 2A-2D is the use of eight additional transistors
per bit (e.g., transistors Q10, Q11, Q15, Q16, Q23, Q24,
Q28 and Q29 for bit B11) and a buffer (not shown) to
drive test clock signals TC and TC. Since the transistors
described above are implemented in existing current
flow paths, the shift register test mode advantages are
gained without any additional power dissipation by
register 22 when operating in its successive approxima-
tion register mode. Furthermore, no speed penalties are
incurred either.

Although the present invention has been described
with reference to the preferred embodiments, those
skilled in the art will recognize that changes may be
made in form and detail without departing from the
spirit and scope of the invention. In particular, even
though the embodiment illustrated in FIG. 1 utilizes
current mode logic and two-phase non-overlapping
complementary clocks, other logic configurations and
single-ended clocks could also be used, as could an
edge-triggered scheme.

What 1s claimed is:

1. A single chip integrated successive approximation
analog-to-digital converter, including:
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test mode terminal means for receiving test mode
control signals and successive approximation mode
control signals;

test data terminal means for receiving digital test data
signals;

a trimmable digital-to-analog converter (DAC) hav-
ing input terminals for receiving digital signals and
for converting the digital signals to analog signals
of corresponding values; and

successive approximation register means coupled to
the test mode terminal means and test data terminal
means for operating in a test mode and applying the
test data signals to the input terminals of the DAC
In response to the test mode control signals, and for
operating in a successive approximation register
mode In response to the successive approximation
mode control signals.

2. The analog-to-digital converter of claim 1 wherein:

the test data terminal means serially receives the digi-
tal test data signals; and

the successive approximation register means com-
prises successive approximation and shift register
means for serially receiving the test data signals
and for providing the test data signals to the DAC
in parallel.

3. The analog-to-digital converter of claim 2 and

further including:

an input terminal for receiving analog input signals;

a comparator coupled to the input terminal and the
DAC: and

a latch coupled between the comparator and the
successive approximation register means.

4. The analog-to-digital converter of claim 3 wherein
the successive approximation and shift register means
includes bipolar transistors.

5. The analog-to-digital converter of claim 3 wherein
the successive approximation and shift register means is

implemented with current mode logic.
2 * * & *
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